Motion of the mitral apparatus in hypertrophic cardiomyopathy with obstr-uction was investigated by conventional singledimensional and multidimensional echocardiography. In systole, anterosuperior displacement of the posterior papillary muscle, failure of mitral valve closure, and anterior motion of both mitral leaflets were shown. The anterior leaflet was seen to impinge on the posterior papillary muscle but not on the interventricular septum in systole. The abnormality of the single dimensional mitral echogram, previously ascribed to systolic anterior motion of the mitral anterior leaflet, was found to be a complex of echoes from the chordae tendineae, the papillary muscle, and,furthestfrom the septum, the mitral anterior leaflet.
ventricular septum in systole. The abnormality of the single dimensional mitral echogram, previously ascribed to systolic anterior motion of the mitral anterior leaflet, was found to be a complex of echoes from the chordae tendineae, the papillary muscle, and,furthestfrom the septum, the mitral anterior leaflet.
It is concluded that systolic anterior motion of the mitral anterior leaflet is of smaller amplitude than others hazve suggested, and that obstruction to left ventricular outflow in hypertrophic cardiomyopathy is produced by systolic contact between the mitral anterior cusp and the posterior papillary muscle. The theory is put forward that displacement of the posterior papillary muscle above and in front of the mitral leaflets produces chordal slackening, and that it is displacement of the chordae tendineae by the blood flowing to the aortic root during left zventricular ejection, which is responsible for systolic anterior motion of the mitral leaflets.
In patients who have hypertrophic cardiomyopathy
Patients and methods with obstruction, systolic anterior movement of the Four patients, three of them male, were studied: mitral anterior cusp can be shown angiographically Four ages thred of to 58 yere clied (Simon, 1968; Reis et al., 1974) . The workers who their ages ranged from 12 to 58 years. The clinical described the systolic abnormality of the single diagnosis of hypertrophic cardiomyopathy with dimensional mitral echogram in this disorder, obstruction had been confirned by cardiac catheattributed it to abrupt systolic anterior motion of the terization and all had a left ventricular outflow mitral anterior leaflet (Shah, Gramiak, and Kramer, gradient at rest. Two were on treatment with beta-1969; Pridie and Oakley, 1970) al., 1975) , the cause of the abnormal anterior cusp and a long-axis view of the left ventricle, movement has not bezn defined.
respectively. Single dimensional and multidimensional echo-
The equipment for the single dimensional study cardiography (Roelandt et al., 1974) were used to was an Eskoline 20 ultrasonoscope (Smith Kline investigate motion of the mitral apparatus in hyper-Instruments) interfaced with an ultraviolet strip trophic cardiomyopathy. The findings are presented chart recorder (Honeywell Visicorder). The multiin this paper: in the light of them, the systolic dimensional echocardiograms were recorded with a abnormality of the conventional echocardiogram is multiple element ultrasound system (Organon reinterpreted and a new explanation of systolic Teknika Echocardiovisor) which displays a moving anterior motion of the mitral leaflets is proposed. two-dimensional echo image of the heart on an display was stored on videotape using a slave oscillo-tricular posterior wall (Fig. 1 ). They were recorded scope and a television camera. Static Polaroid between the anterior and posterior echoes in midrecords were taken from the master oscilloscope systole and were displayed as a narrow band in front with a camera triggered by the electrocardiogram of the posterior etcho in early and late systole. Their (as in Fig. 3 and 5) and also from the videotape, continuity with the echoes of the left ventricular using the stop-action facility on the video-replay wall in the region of the posterior papillary muscle system (as in Fig. 4 (Fig. 1, echo 1) , which was in between the anterior and posterior walls of the continuity with the anterior cusp echo at end-aorticwroot (Fig. 3) . Duringthisopeningmovement, diastole and end-systole and which moved anteriorly the entire anterior cusp was orientated parallel with to a mid-systolic position well behind the inter-or convex to the interventricuJar septum (Fig. 4) (Fig. 6 ). Fig. 3 The mitral anterior leaflet is closely related to, but not in contact with, the hypertrophied septum. leaflet (Fig. 6) . Forward motion of the anterior leaflet appeared to be halted in mid-systole by contact with this structure.
Discussion
The systolic abnormality of the conventional mitral echogram in hypertrophic cardiomyopathy with obstruction has been shown here to be an echo complex (Fig. 1 ). Previous workers (Shah et al., 1969; Pridie and Oakley, 1970; Henry et al., 1973) were thus wrong to ascribe it solely to systolic anterior motion of the mitral anterior leaflet. Its components have not been described before, though they can be seen in published tracings (Bolton et al., 1974; Tajik and Giuliani, 1974; Henry et al., 1975) . For the reasons which follow, it has been FIG. 5 Multidimensional echocardiogram in early concluded that they arise from the mitral anterior systole from the same patient as Fig. 3 . The mitral leaflet, the posterior papillary muscle, and the leaflets are not in apposition. The structure (arrowed) chordae tendineae (Fig. 1, echoes 1, 2 , and 3, which intervenes between the anterior leaflet and the respectively). (Fig. 1, echo 2) is muscular. It has, therefore, been deduced that c Ch \ echoes 2 and 3 of the systolic complex (Fig. 1) arise from the posterior papillary muscle and the chordae K:
U} PCS g tendineae, respectively.
The interrelations of the echoes in Fig. 1 Ch=chordae tendineae. It is suggested that the the anterior leaflet, could instead be from chordae posterior papillary muscle and the chordae tendineae displaced upwards and forwards into the left venare displaced upwards and forwards. An ultrasonic tricular outflow tract, as in Fig. 7 . beam (arrow) directed to the tip of the anterior The findings of this investigation are not in total leaflet thus passes in sequence through the inter-accord with the conclusions on mitral cusp motion ventricular septum, the chordae, the posterior papillary drawn from angiographic (Simon, 1968; Reis et al., muscle, the mitral anterior leaflet, and the left ven-1974) and previous echocardiographic (Shah et al., tricular posterior wall. 1969; Pridie and Oakley, 1970; Henry et al., 1975) studies. Thus, while systolic anterior motion of the ventricular septum in systole (Fig. 6 ) and that while anterior leaflet is confirmed, systolic contact between systolic anterior movement of the leaflet does occur the leaflet and the interventricular septum is not it is smaller and slower than its diastolic counter-( Fig. 5 and 6 ). Though the concept of left venpart. Thus, the posterior element of the complex tricular outflow obstruction by the anterior leaflet (Fig. 1, echo 1) is identified as the anterior leaflet is upheld, contact between the tip of the leaflet and echogram by its position, amplitude, and velocity the posterior papillary muscle, rather than the as well as by its continuity with the anterior cusp septum, appears to be responsible (Fig. 6) . The echoes at end-diastole and end-systole. It follows failure of leaflet apposition in early systole, shown that the two remaining elements of the complex here (Fig. 5) , has been suspected angiographically arise from a structure or structures interposed (Simon, 1968) : it follows that the valve does not between the septum and the anterior leaflet in systole. reopen in systole, as has been suggested (Pridie The only structures which could intervene in this and Oakley, 1970) , and also that the mitral regurgiposition are the posterior papiUary muscle and its tation of hypertrophic cardiomyopathy may be chordae tendineae; echo images of all the other pansystolic. Anterior motion of the posterior cusp left heart structures accessible to ultrasound are re-was seen in systole, but it is clear that, contrary to corded elsewhere on the systolic multiple element Simon's (1968) hypothesis, the posterior leaflet does scans ( Fig. 5 and 6 ). It has been concluded from not move with the anterior leaflet to obstruct left their configuration that the echoes displayed in two ventricular outflow (Fig. 6) . Anterosuperior disdimensions between the anterior leaflet and the placement of both papillary muscles has been shown septum (Fig. 6 ) arise from the posterior papillary angiographically (Reis et al., 1974) , but the close muscle: Henry et al. (1975) attributed similar relation of the posterior papillary muscle to the though less anteriorly positioned echoes to papillary interventricular septum and its displacement above muscle, but did not specifically identify the posterior the free margins of the mitral leaflets ( Fig. 5 and 6) papillary muscle. Though it appears from the multi-have not been emphasized before. dimensional records that the posterior papillary The cause of the systolic anterior movement of muscle is the sole structure interposed between the the mitral anterior cusp has been the subject of anterior leaflet and the septum, the single element speculation (Simon, 1968; Shah et al., 1969;  scans suggest that the chordae also intervene. Thus, Pridie and Oakley, 1970; Reis et al., 1974 ; Henry group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from
